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Available online 26 January 2015AbstractTo compare the antimicrobial effect of Calcium hydroxide paste (CaOH), Chlorhexidine gluconate (CHX) gel and Antibiotic-
Corticosteroid paste against Streptococcus mutans, Enterococcus faecalis and Candida albicans in root canal lumen and radicular
dentin.
Materials and methods: Eighty four single rooted extracted human teeth with straight root canals were selected, decronated
leaving root segments of 15 mm length. All canals were prepared up to size 40 master apical file under irrigation with sodium
hypochlorite solution. Roots were sterilized, infected by mixed suspension of the three types isolated microorganisms and incu-
bated at 37 C for 14 days. The roots were divided into 4 equal groups according to the intracanal medications used. Group I: CaOH,
Group II: CHX, Group III: Antibiotic-Corticosteroid paste and Group IV: saline. Each main group was further equally subdivided
into 3 subgroups according to the isolated organism. Subgroup (A): S. mutans, Subgroup (B): E. faecalis and Subgroup(C): C.
albicans. The medicated roots were incubated for 7 days at 37 C then irrigated to remove the medications. Two samples were taken
from each canal, one from root canal lumen and the other from radicular dentin and cultured on three media selective for each tested
microorganisms. The growing colonies were counted and recorded as colony forming units CFU.
Results: Chlorhixidine gel showed the best effect against all tested microorganisms at both experimental sites, while Antibiotic-
Corticosteroid paste was the worest one.
Conclusion: CHXwas the best medication used to eliminate the different tested organisms at the two experimental sites. S. mutans
was the most sensitive microorganism to the whole tested medications, while C. albicans was the most resistant one.
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An important and fundamental goal of root canal
treatment is to eliminate bacteria from the root canal
and prevent reinfection because bacteria or their
products are considered to be the primary etiologic
factors of periapical lesions and root canal fillingentistry, Tanta University.
1 Dica, Dendia, USA.
2 Dentsply/Maillefer, Ballaigues, Switzerland.
3 Z-100; 3M ESPE, St. Paul, MN, USA.
4 Pulpdent Corporation, Watertown, MA, USA.
5 Oxoid, Basing Stoke, UK.
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nature hence, anaerobic and facultative anaerobic mi-
croorganisms are usually found together in endodontic
flare-ups and cases with post-treatment disease [1].
The ecological selection in the canal favors strictly
anaerobic bacteria involving, Actinomyces, Lactoba-
cillus, Prevotella, Streptococcus and Dialister pneu-
monsintes [2] which clearly constitute the majority in
primary infections with no single species being
considered as the main pathogen [3]. However, in
previously root-filled teeth with apical periodontitis,
the ecology may be quite different, and in many cases
the environment no longer supports the dominance of
anaerobic bacteria and the most frequently isolated
species is Enterococcus faecalis [4]. Additionally,
yeasts like Candida albicans are found almost entirely
only in previously root-filled teeth with apical peri-
odontitis [5].
Numerous measures have been described to reduce
the numbers of root canal microorganisms, including
the use of various instrumentation techniques, irriga-
tion regimens, and intracanal medications [6]. Since
the chemomechanical preparation of the root canal
reduces endodontic infection, but microorganisms are
able to survive within the complex anatomy of the root
canal system. So, the antimicrobial intracanal medi-
caments are used to complement the disinfection of the
root canal system [7].
Calcium hydroxide (CaOH) is a drug widely used as
an intra-canal dressing between the appointments in an
endodontic therapy. Additionally, Chlorhexidine
(CHX) is an antiseptic with a broad antimicrobial
spectrum and high substantivity. It is commonly used
as interappointment root canal medication.
For years, the systemic and topical use of antibiotics
has been utilized in dentistry. Chronic alveolar in-
fections are associated with pulpless teeth and lesions
that have no blood supply reaching the pulpal space.
Therefore, the systemic administration of antibiotic
and the negligible concentration reaching the root
canal are unlikely to be beneficial. So, topical appli-
cation of intracanal antibiotic is more recommended as
substantially higher concentrations can be utilized [8].
Furthermore corticosteroid-antibiotic combinations
have also been used as an intra-canal medicament for
its anti-inflammatory action, to relieve pain associated
with acute apical periodontitis, and to prevent acute
exacerbation of chronic apical periodontitis [9].
The question of the role of intra-canal medicaments
becomes more complex in the treatment of apical
periodontitis with variable types of microorganisms.
So it was necessary to evaluate the antimicrobialeffectiveness of different intracanal medications like
(Calcium hydroxide, Chlorhexidine gluconate gel and
Antibiotic-Corticosteroid pastes) on different micro-
organisms commonly present in infected root canals
including Streptococcus mutans, E. faecalis and C.
albicans.
2. Materials and methods
Eighty four recently extracted intact single rooted
human premolars with single straight root canals were
selected. The clinical crowns were removed using a
water-cooled diamond disk1 mounted in a low-speed
hand piece leaving standardized roots length of
approximately 15 mm. Then the roots were stored in a
sterile physiologic saline solution at room temperature
that is changed daily until use within three months after
extraction [10].
The root canals diameter was standardized by
selecting all the canals with initial apical file #25. The
pulp tissue was removed using a K-hand file2 and the
working length was determined using size 15 K-file.
All canals were sequentially prepared using step-back
technique up to size # 40 master apical file and flar-
ing the canal was performed up to size #80 under
irrigation with 2.5% sodium hypochlorite solution
(NaOCl). The apical foramina were then sealed with
light-cured composite resin3 to prevent bacterial
leakage [11]. Finally the canals were flushed with 17%
EDTA4 for 1 min followed by 5 ml of 5.25% NaOCl
for 3 min to remove the smear layer, and then each root
canal was finally flushed with 5 ml of normal physio-
logic saline solution [12].
Each root was placed in a closed test tube con-
taining 4 ml of brain heart infusion (BHI) broth,5
sterilized by autoclaving at 121 C for 20 min and
incubated for 24 h at 37 C to confirm sterility by
absence of turbidity [13].
Three types of microorganisms isolated from clin-
ical trials including S. mutans, E. faecalis and C.
albicans were used. The patients and/or their parents
received a detailed explanation about the experimental
rationale, clinical procedures, possible risks and the
procedures were approved by the Human Ethics
Committee at the Tanta University, Faculty of
Dentistry.
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organisms was prepared in a single sterile container.
2 ml of the sterile BHI broth from each tube were
replaced by 2 ml of the prepared mixed bacterial sus-
pension, and then the test tubes were closed and
incubated at 37 C for 14 days. After contamination
period, each specimen was removed from its test tube
under aseptic conditions in the laminar air flow
chamber and irrigated with 5 ml of sterile saline and
dried with sterile paper points # 40.
The specimens were divided randomly into four
equal groups (n ¼ 21) according to the intra-canal
medications used; Group I: were medicated with the
CaOH paste (Ultracal XS),6 Group II: CHX gel
(Gluco-CHeX),7 Group III: corticosteroid-antibiotic
paste (Pulpomixine)8 and Group IV: sterile physiologic
saline was used as a negative control group.
The orifices of the canals were sealed with dental
modeling wax and placed in humid sterile gauze in
closed sterile Petri dishes then incubated for 7 days at
37 C. After incubation period, the wax seal and the
intra-canal medications were removed.
The root canals were irrigated using sterile saline
solution and then dried with sterile paper points # 40
left in the root canal for 1 min to absorb the canal fluid
and placed in sterile Eppendorf test tube containing
0.5 ml of sterile saline, vortexed for 30 s, and this
suspension was represent the specimen taken from the
main canal lumen.
To investigate the infection in the radicular dentine,
another suspension were taken from the dentine shipsTable 1
The means and standard deviations of the numbers of the CFU/ml for the test
of the root canals and their statistical analysis.
Group Lumen
Subgroup Group I
CaOH
Mean ± SD
Group II
CHX
Mean ± SD
Streptococcus mutans 16.429 ± 4.995a 9.714 ± 1.976
Enerococcus faecalis 18.286 ± 4.923a 11.5 ± 2.449
Candida albicans 18.857 ± 5.273a 12.125 ± 2.9
ANOVA F 1.85 0.44
P-value 0.651 0.183
Groups rows which have the same letter (a) are not significant.
Significant level is (P  0.05).
SD ¼ standard deviations.
*Significant statistically.
6 Ultradent Products, Inc. (USA).
7 P.P.H., CERKAMED poland.
8 Specialites Septodont Pty Ltd.along the root canals from each specimen in each
group using a sterile #45 K-files at the full working
length of the root canal [14].
Sterile disposable plastic inoculating loopes were
standardized to carry 1uL of the microbial suspension
to be seeded on the three media specific for the growth
of the tested microorganisms. Mitis salivarius agar for
counting S. mutans colonies (Subgroup A), BHI blood
agar for counting of E. faecalis colonies (Subgroup B)
and Sabouraud Dextrose agar with chloramphenicol
for counting C. albicans colonies (Subgroup C). The
plates were incubated at 37 C for 48 h. Growing
colonies were counted and recorded as colony forming
units CFU.
All the results of both root canal lumens and their
radicular dentin were collected, tabulated and statisti-
cally analyzed. Analysis of variance ANOVA was
performed according to the computer program SPSS
Version 17for Windows.
3. Results
3.1. Results of the root canal lumens
Regarding the antimicrobial effect of different
medications on all tested microorganisms (S. mutans,
E. faecalis and C. albicans) the lowest mean value of
CFU/ml was recorded with the CHX, followed
by CaOH, Pulpomixinen while the highest mean
value was recorded with saline control group
(Table 1).ed microorganisms after using the different medications in the lumens
ANOVA
Group III
Pulpomixine
Mean ± SD
Group IV
Saline (control)
Mean ± SD
F P-value
18.429 ± 4.614a 19.714 ± 6.422a 6.064 0.003*
19.286 ± 7.477a 25.429 ± 6.705a 7.699 0.001*
19.429 ± 7.829a 23.571 ± 4.928a 5.757 0.004*
0.044 1.615
0.957 0.226One way ANOVA revealed that there were statisti-
cal significant differences among the mean values of
CFU/ml of the tested medications at all tested micro-
organism (P  0.05). So, Tukey's pairwise comparison
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tistical significant differences between group II and all
the other groups for the three tested microorganisms.
However, there were no statistical significant differ-
ences between CaOH vs both Pulpomixine and saline,
and between Pulpomixine and saline groups
(P > 0.05).
It was necessary to evaluate the antimicrobial effect
of each medication on the three tested organisms at the
root canal lumen of the teeth. For all tested medica-
tions, the highest mean values of its CFU were recor-
ded for C. albicans while the lowest values were
associated with S. mutans. However there were no
significant difference among the mean values of CFU/
ml for the three tested organisms (P > 0.05).
3.2. Results of radicular dentine
The effect of the tested medications on each type of
tested microorganism at radicular dentin was per-
formed and was found to follow the same way to their
effect on the root canal lumen for all tested microor-
ganisms. Where the CHX was the most effective
medication in reduction the number of colonies of all
tested organisms followed by CaOH, Pulpomixine
while saline solution had the worst effect in all tested
organisms and, S. mutans was the most sensitive
microorganism to the whole tested medications, while
C. albicans was the most resistant one (Fig. 1).
4. Discussion
The use of biocompatible intracanal medications
possessing antimicrobial properties between appoint-
ments may reduce or eliminate bacteria in the root
canal system and significantly increase the success of
root canal treatment [15]. Intracanal medications actFig. 1. The mean of the numbers of the CFU/ml for the tested mi-
croorganisms after using the different medications in the radicular
dentine of the root canals.beyond the root canal lumen, inside dentinal tubules
and apical resorptions [16].
So, this study was conducted to compare and eval-
uate the antimicrobial effect of three different intra-
canal medications including Calcium hydroxide paste,
Chlorhexidine gluconate gel and Antibiotic-
Corticosteroid paste against three different microor-
ganisms S. mutans, E. faecalis and C. albicans in both
root canal lumen and radicular dentine.
E. faecalis was chosen as a test organism in this
study because it is an opportunistic facultative anaer-
obic organism that is non-fastidious, easy to culture
and it had been used successfully in previous studies
[17,18]. Furthermore, E. faecalis can efficiently and
rapidly invade and colonizes dentinal tubules in-vitro
[19,20], it has been found to be present in 90% of teeth
with post-treatment disease [21,22] and has the ability
to withstand long period of starvation and high pH
levels [23,24].
Scanning Electron Microscopy (SEM) analysis
shows that C. albicans build colonies along the dentine
in the root canal and penetrates the dentine tubules.
Ro^ças et al. [25] and Fabricius et al. [26] had
confirmed the polymicrobial nature of root canal in-
fections while Siqueira et al. [27] revealed that, the
main cause of the primary endodontic infections is the
opportunistic pathogens that may invade a root canal
and establish an infectious process like S. mutans [28]
so it was selected for this study.
In this study, Calcium hydroxide intracanal medi-
cation was used as it still the most commonly used
endodontic medicament through the world [29]. How-
ever, calcium hydroxide has been shown to be incapable
in eliminating E. faecalis and certain other organisms,
which are present deep within the dentinal tubule
[30e32]. So, Chlorhixidine gel was selected which has
wide antimicrobial spectrum to evaluate its ability in
eliminating the tested microorganisms. Additionally,
corticosteroids-antibiotic combinations have been used
as an intracanal medicament for its anti-inflammatory
action, to relieve pain associated with acute apical
periodontitis, and to prevent acute exacerbation of
chronic apical periodontitis [9]. So, one of those com-
binations was used currently (Pulpomixine) to study its
effect against the three tested microorganisms.
Two weeks inoculation period used in this study
was carried out for bacterial inoculation into the canals
to reassure the entrance of bacteria into dentinal tu-
bules according to Sharifian et al. [12].
The medication period was standardized currently
for one week according to Sj€ogren et al. [33] who
believed that CaOH has to remain within the canals at
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antimicrobial efficacy. Similarly, Komorowski et al.
[34] reported that for induction of CHX substantivity,
dentine should be treated with it for 7 days.
The present study showed that CHX was the best
medication used to eliminate the different tested or-
ganisms at the two experimental sites, in comparison to
the saline, CaOH and Pulpomixine. This finding may be
explained by the fact that CHX has a wide antimicrobial
spectrum and it is effective against both Gram-positive
and Gram-negative bacteria as well as yeasts [5].
Furthermore, Chlorhexidine acts by electrostatic inter-
action as it is positively charged and the bacterial wall is
negatively charged, where interaction will happen and
increase the cell wall coating allowing bacterial cyto-
plasm coagulation and results in cell death [34,35].
Moreover, CHX gel was used in the present study in
2% concentration which could be a possible reason of
great inhibition of the whole tested microorganisms
because Krithikadatta et al. [36] demonstrated that this
dosage may increased diffusion of the medicament into
the dentinal tubules. Furthermore, CHX can bind to
surrounding tissues and then be released again slowly
at therapeutic levels over extended periods of time in a
phenomenon known as substantivity [16,37].
The results of the present study were in agreement
with several authors who found that the medicaments
containing chlorhexidine were effective against both E.
faecalis and S. mutans [38e41].
Regarding CaOH results, the better antimicrobial
properties of CaOH compared to Pulpomixine have
been attributed to its high pH [11e12.5] and its
dissociation into the highly interactive and lethal hy-
droxyl ions which kill bacterial cells by damaging the
cytoplasmic membrane and by protein denaturation
and damaging of DNA [28]. Moreover, its physical
presence, which prevents the ingress of bacteria either
coronally or apically preventing root canal reinfection,
interrupting the nutrient supply to the remaining bac-
teria, and thus delaying recontamination [42].
On the other hand, in the present study calcium
hydroxide had been shown to be less able to eliminate
either S. mutans or E. faecalis and C. albicans effec-
tively compared to CHX. These findings are consistent
with the result of the other studies which showed high
resistance of E. faecalis and C. albicans to CaOH
medication [43e48].
These results can be explained by the dense biofilms
of those bacteria and their migration within the
dentinal tubules which can protect them from the hy-
droxyl ions [36]. Inaddition, CaOH medication mostly
depend on its alkalinity which resisted by the protonpump property of E. faecalis and C. albicans [23] and
dentine buffering potential can reduce the pH and
CaOH effect inside the dentinal tubules [49].
In contrary to these results, Ferguson et al. [41]
found that CaOH paste was very effective against C.
albicas. This difference in the results may be due to the
different methodology as these previous studies used
the agar diffusion method in which medication is
placed in direct contact with the tested organism.
The disappointing results of the pulpomixine may
be explained by the fact that Pulpomixine consists
mainly from Framycetin, Polymixine B sulfate and
dexamethasone. These two antibiotics are specific to
Gram-negative bacteria and have no antifungal effect
[28,50]. This finding is in agreement with that of Tang
et al. [28] who demonstrated that a routine one week
application of pulpomixine was not effective in
inhibiting residual intracanal bacterial growth between
appointments.
5. Conclusions
Within the limitations of the present in-vitro study,
the results suggest that, CHX was the best medication
used to eliminate the three different tested organisms at
the two experimental sites, root canal lumen and
radicular dentin. S. mutans was the most sensitive tested
microorganism to the whole tested medications, where
C. albicans was the most resistant one. E. faecalis was
more sussibtable to CHX than the other medications. It
is very important to change the strategy of a single visit
root canal treatment to use of interapointment medi-
cations. Further researches should be directed toward
the suitable intracanal medication for other commonly
detected microorganisms in root canal infections.
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